Sodium dodecyl sulphate-polyacrylamide-gel electrophoresis has shown that Newcastle disease virus particles contain two glycoproteins (HA and GP), a nucleocapsid protein, Migration --+ After labelling, membrane proteins were solubilized with 2% (v/v) Triton X-100 and O.~M-KC~, clarified by centrifugation at 150000g for 45min, precipitated with acetone, dissolved in 5 % (w/v) sodium dodecyl sulphate containing 2 % (v/v) 8-mercaptoethanol at 100°C for 2min, and analysed on 10% polyacrylamide gels. lZ5I was located on radioautographs, densitometer traces of which are shown. HA, large (haemagglutinin) glycopolypeptide; GP(R), small glycopolypeptide (reduced form) ; M, matrix polypeptide.
After labelling, membrane proteins were solubilized with 2% (v/v) Triton X-100 and O.~M-KC~, clarified by centrifugation at 150000g for 45min, precipitated with acetone, dissolved in 5 % (w/v) sodium dodecyl sulphate containing 2 % (v/v) 8-mercaptoethanol at 100°C for 2min, and analysed on 10% polyacrylamide gels. lZ5I was located on radioautographs, densitometer traces of which are shown. HA, large (haemagglutinin) glycopolypeptide; GP(R), small glycopolypeptide (reduced form) ; M, matrix polypeptide. Fraction no. More precise location of the glycoproteins and the matrix protein within the membrane wassought by the use of reagents that label only external proteins, by virtue of their inability to penetrate biological membranes. These methods, which have been shown to label the external glycoproteins of influenza virus, included iodination mediated by the enzyme lactoperoxidase (Stanley & Haslam, 1971 ) and the reduction of the Schiff's bases formed between pyridoxal phosphate and exposed amino groups with tritiated borohydride (Rifkin et al., 1972) .
VOl. 2 BIOCHEMICAL SOCIETY TRANSACTIONS
Newcastle disease virus (strain Texas), grown in the allantois of 10-day embryonated hen eggs, was concentrated and partially purified by centrifugation at 60000g for 3 h at 4°C through a tenth volume of glycerol-sucrose-sodium potassium tartrate diluted to a density of 1.12g/ml, on to a tenth volume of glycerol-sucrose-sodium potassium tartrate of density 1.24 g/ml. The glycerol-sucrose-sodium potassium tartrate buffer consisted of equal volumes of glycerol, 60 % (w/w) sucrose and 45 % (w/w) sodium potassium tartrate in 0.1 M-Tris-HCI buffer, pH7.4 (I. P. Griffith, personal communication). The virus band was collected, vacuum dialysed for 16h at 4"C, then dialysed for 3 h at 4°C against a buffer appropriate to the labelling technique used. Labelling of intact virus was then carried out on this preparation without delay.
After labelling, intact virus particles were selected and further purified by centrifugation of the virus in a preformed linear 3. 51111 gradient of glycerol-sucrose-sodium potassium tartrate buffer (density 1.12-1.24 g/ml) for 18h at 50000g at 4°C. The bands were collected and diluted, and the virus pelleted at 130000g for 90min. Virus samples, which were disrupted before labelling, were first subjected to this complete purification.
For iodination, the intact sample of Newcastle-disease virus (1-2OOpg of viral protein in O.OS~-phosphate buffer, pH7.3) was mixed with 50pCi of Na lZ5I, 0.5pg of lactoperoxidase and lop1 of a fresh 1/2500dilution ofHzOz (A.R., 100 vol), all in theabovebuffer.
The disrupted sample was treated similarly, but also contained 1 % (v/v) Triton X-100.
After incubation for 30 min at room temperature, membrane proteins were analysed as described in the legend to Fig. 1 .
For the second labelling procedure, intact Newcastle disease virus (500pg of viral protein) was suspended in lml of 0.05~-Hepes buffer, pH7.5. KBH4 (120pg) was added, and the sample dialysed for 6h at 4°C against the Hepes buffer. The virus was next treated with 1Opl of 1Ornhl-pyridoxal phosphate for 60min at 37°C; then with 1OOpg of KB3H4 (IOpCi) for 30min at 4"C, and finally with 200p1 of 10mwpyridoxal phosphate. It was further purified and analysed as described in the legend to Fig. 2 . Fig. 1 shows that in intact virus the two glycoproteins are strongly iodinated, confirming our earlier results (Moore et a/., 1974) , However, the matrix protein, readily extracted by the Triton X-100 and salt, is not labelled at all unless the virions are first disrupted with Triton X-100. (The larger glycoprotein, the HA, is always labelled to a lower extent in the presence of Triton X-100.) Thus the tyrosine residues of the matrix protein are not accessible to these reagents in intact virus, but are revealed in disrupted particles.
The pyridoxal phosphate-borohydride method also labelled both glycoproteins (Fig.   2) . However, it also labelled strongly the matrix protein, in marked contrast with the iodination. A small peak similar to VP49 of Moore et al. (1974) was also detected. That the matrix polypeptide labelling was due to disrupted virus was thought unlikely for several reasons. First, the infectivity/haemagglutinin ratio, 1 . 9~ lo5 for the allantoic fluid, dropped only to 1.3 x lo5 during purification. Secondly, no iodination occurred in an identical virus preparation, but it did occur if the virus was disrupted. Thirdly, Triton X-100 disruption of virus led to no increase in the proportion of total 3H incorporated into the matrix-protein peak. It thus appears that the matrix protein has amino groups, but not tyrosine groups, exposed at, or very near, the outer surface of the Newcastle disease virus membrane.
